SOME OBSERVATIONS ON THE STRUCTURE 
OF SHALLOW TYPHOONS 



George Varga 



U nitved 



c:'' 






N ava I F'^o s t a r a d u 



•::jcnooi 





iJ 



IT 



\y-i ' 

h 




L 



SOME OBSEP.VATIONS ON TEE STREETURE 
or SIE^LEOW TYEllOONo 



by 

George Varga 



Tliesis Advisor: 



R. L. Elsber-rv 



September iS 7 i 






App.touecf public Aclca'^c; di^iCAt-ution aiJ. br.itcd. 




■r.'i 



Some Observations on the Structure of Sliallow Typhoons 



by 



George 

Lieutenant Commander, United States Navy 
B.S., United States Merchant Marine Academy, 1061 



Submitted in partial 
requirements for 



fulfillment of tlie 
the degree of 



MASTER OF SCIENCE IN METEOROLOGY 



from tlie 



NAVAL POSTGRADUATE SCHOOL 
September 1971 



ABSTRACT 



During the pnst few years the existence of tropical cyclones 
of typhoon intensity, but .lacking the vertical extent of tlie 
"elassleaf model, have been reported. Five sueli "shallovd' 
systems were investigated by compositing reconnaissance and 
rawinsonde data with respect to the center. Although emphasis was 
placed on POLLY (1968), a composite model was dej.ived from the 
five storms. Some of the eliarac teristics found in tlie model 
were the lack of eonvecti\'c activity, the existence of a warm 
core in the lower levels but very little warming aloft, and an open 
eyew'all rather than the closed eye found in classical typlioons . 

Some comparisons with the classical model are made but 
detailed reeonnaissdnce data are needed to exjolair. the diitcrenecs 
l)e tween shallow and normal typhoons. 
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I . INTRODUCTION 



The development, maintenanee and sLi’uoture of tropieal storms 
and typlioons has been well described by Rielii (195i|) . V\/ith the 
advent of liuri^leane/typhoon reconnaissaJiee and the availability of 
upper level data tlie typlioon model v.’as furtlier refined by 
Richl (19633 , La Seur (1966) , and Gray (1968) . Fett (1966) formu- 
lated tlie depiction oJ tropical cyclone development into various 
diagramatie stages on the basis of nearly simulttineous satellite 
photographs and maximum observed wind speed. In this scheme a 
tropical depression v\;hieh had cloud patterns typical of Stage C 
normally had maximum winds of 30 knots. It was found, however, 
that reconnaissance flights into some depressions wliieh appeared 
to be Stage C found v\;inds of tropieal stoi’m intensity or greater 
near the surfaee . 

Fett (J 968) cited typhoon BILLIC (1967) as a good exajnple of 
such a phenomena. Among the primary oharaeteristies of BILLIE was 
the laok of a wall cloud around the eye and tlie absence of major 
convective activity and vertical development. Fett indicated 
cloud tops 4000 to SOOO feet near the eye of BILLIE, whereas the 
vertical development of "normal" typhoons can bo expected to reach 
elevations around 50,000 feet according to La Seur (1966) and 
Richl (1963) . Because typhoons of the BILLIE variety lack vertical 
development, tiicy have been referred to as "sliallow typhoons” in 
this I'eport. 
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The Naval WeaLlier Research Facility's contribution to Project 
STORMFURY (19G8) indicated that typhoon/liurrlcane rceonnaissancc 
erews have reported hurricane-intensity tropical cyclones with 
eloudiness below the 700 mb level near the eye and the lack of a 
definable eye wall. In correspondence v\,’lth Elsberry, Kerr^ 
described a possible shallow hurricane that existed in tlie early 
lOSO's as; 

"...The eye was tlie usual 15-20 miles in diameter and everytliing 
seemed to be rather normal as far as observations were concerned, 
however, when we started circling in the eye and climbing to 
higher altitudes for additional data (fligJit level at tills time 
500 - 800 feet) we noted that we could see plenty of blue sky 
and we broke out on top of eveirything at something like 
5-7000 feet. The whole hurricane appeared ns a doughnut below 
us and we had good visibility in all dii'octions wJ tli no high 
elouds observable." 

Sadler (1967) in his discussion of tlie Tropical Upper 
Tropospheric Trough (TUTT) as a secondary source of typhoons, 
reported the development of typhoon KATilY in August 1904. The 
0335 GMT 15 August reconnaisseince report of KATHY indicated a 
circular eye 50 miles in diameter, open in the north semicircle, 
with maximum cloud tops at 17,000 feet. Sadler's upper level 
streamline analysis of typhoon KATHY at 0000 GMT on the 15th 
depicted northeasterly flow above the vortex rather than cyclonic 
outflow as expected with a normal typhoon. These characteristics 
suggested the existence of a typhoon that lacked the vertical 
development normally expected, hence possib].y another shallow 
typhoon . 



^ Personal correspondence from J. 1.. Kerr, formerly witli tlie 
U.S. Navy Airborne Early Warning Squadron 9, to Professor 
R. L. Elsberry, Department of Meteorology and Oceanograpliy , Naval 
Postgraduate School, January 24, ]970. 
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Tlie purpose of tills paper is to aLtempt to delineate the 
structure of tliese typlioons and to discuss possibJe meclianisms of 
maintenance. In addition to typlioon BILLIE, wliicli Fett (1068) 
described in detail, tropical storms FOLLY (1968), OLIVE (1968), 
NADINE (1968) and LOKNA (1969) were cliosen for investigation. The 
latter four systems were picked on the basis of correspondence 
with the ll.S. Navy Airborne Early Warning Squadron One (VW-1) 
based at Guam, Mai^iana Is.lands. It was felt tliat these four best 
fitted the cliaraeteristics of typhoon BILLIE as discussed by 
Fett (1968) and would yield some data for describing the structure 
of tliese systems. 

The main concentration of effort v\’as on POLLY beeause of the 
best combination of land and rccoiina issance i’ 0 [)orts. Typhoon 
BILLIE received less emphasis while NADINE, OLIVE, and LORNA v\?ere 
examined superficially and need to be inves Ligt* ted further. 
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II, DATA SOURCES AND COMPOSITING 



Typhoon reconnaissanee reports (RECCO) and rawinsonde reports 
for the storms were obtained from the National MeteoroJ.ogical Data 
Center, Asheville, N.C. and tlie U.S. Fleet Weather Central/Joint 
Typhoon Warning Center (JTWC) , Guam, Mariana Islands. 

The data wore eornposited with respeet to the storm center £ind 
the direetion of motion for t.Lme spans ranging from 36 liours to 
four and a lialf days. The time span was determined by tlie eon- 
staney of the individual typlioon ti'aek and by tlie intensity of the 
system. With compositing tliere is the daiiger of glossing over 
i)ossible anomalies wliieh eould be important in an investigfition 
sueh as tliis . However, it was fe.lt tliat only by eompositing could 
enougli data be gathered to make an analysis of the Lyplioon possibi 
Tlie reeonnaissanee re[)orts alone were not suffieient to describe 
the typhoon structure during a single synoptic time period. The 
plots of POLLY and BILLIE also included surface ship data. 

With the exception of aireraft data, caeh report was plotted 
relative to the ’’best-traek’' center positions of the system given 
in the Annual Typhoon Report of the JTWC. The aireraft reports 
were plotted relative to the typlioon eye positions reported by 
that aireraft. This careful positioning of the RECCO reports was 
especially important in the regions of strong gradients near the 
center. 

Wind reports wore pJotted v\/ith respeet to true north and 
transformed to the coordinate system lelative to the center of the 
typhoon. The course and speed of the system was vectorially 
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subti'acLed from tlie reported vvind direction and speed. The average 
speed of tlie typhoon was computed over twelve hours before and 
after the time in question. Tlierefore the v\;ind foree and stream- 
line analysis were based on relative winds so tliat the maximum 
winds to the right of the dii'eetion of motion v\?ere somewhat redueed. 
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m. TRACKS AND CLIMATOLOGY 



Figui'cs 1-M depict the tracks of tlie five sys tetas considered. 

The dotted portion of the track indicates tlie formative stages, 
the solid indicates the tropical storm and typlioon stage. The 
stipi^led portion of each figure indicates the extreme typhoon and 
tropical storm track limit for tlie period, based upon climato.logy 
obtained from U„S. Pacific Fleet, Commander Cruiser-Destroyer 
Force (.L96U) . 

Typhoon BILLIE (Fig.l), tropical stoi’ms POLLY (Fig. 3) and 
LORNA (Fig. 4) formed in regions favorable for development. Hov\?cve.r, 
POLLY deviated from tlie normal track, and reached tropical storm 
intensity at about 21 N. POLLY did not follow the normal track 
until recurvature to a northeasterly course in the East China Sea. 
OLIVE and NADINE (Fig. 2) also developed in regions favorable for 
tropica] storms, but further north them the others. 

On the basis of comparison of actual tracks and climatology, 
it did not appear as though the shallow systems deviated signif- 
icantly from the preferred development regions or from the clima- 
tological tracks. However, the tracks were general.ly complex with 
loops or soutlweste-rly movements. OLIVE moved from west to east 
along the track shown, apparently as a "Fujiwhara effect" with 
respect to NADINTf. POLLY was the on.ly one of the five to deviate 
much from the expected track. Because most of POLLY’S track as a 
tropical storm w^as north of 25 N, POLLY may have intensified from 
a system in the Tropical Upper Trojiospheric Trough (TUTT) as 
discussed by Sadler (1967) . llov^’cver, comparison of the 
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Fig. 1. Track of Typlioon BILLIE, July 1B67, an.l the climatology of typhoon and tropical storm 
track limits for 1-10 July. 
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Fig. 2. Tracks of Tropical Storms >i\DINE and OMVE, July 1968, and the climatology of typhoon 
and tropical storm track .Limits for 21- :1 July. 



nical' Storm' POLLY 
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Fig. 3. Track of Tropical Storm POLLY, August 1)68, the climatology of typhoon and tropical storm 
Lrnck limits for 1-20 August, and the mean position of the Tropical Upper Tropospheric 
Trough (TUTT) for August according to f idler (1967). 
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Fig. 4 .. Track of Tropical Storm LORNi^v, November 1969, and the climatology, of typhoon and 
tropical storm track limits for 16-30 Njvcmber. 



ciiniatologicnl position of the TUTT for the monlli of August (Fig. 3) 
and the area of formation of POLLY indicatod that POLT/Y probably 
did not originate in the TUTT. It may have been that the TUTT 
extended eonslderable f urther south during tlie earJy period, 

August S-6, of POLLY but this was not investigated for this report. 
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TV. ANAT-YSIS OF POLLY 



POLLY Wtis seTccted for intensive study because of good coverage 
of rawinsonde and aircraft reconnaissance data. Tlie compos. I te 
analysis of POLLY covered tlie period from 0000 GMT TO August to 
1200 GMT 14 August 1968. 

A. TQTIGHT FIELDS 

The ana.lyzcd height fields of tropical storm POLLY for the 
1000, 700, 500 and 200 mb leve.ls are depicted in Figs. 5-8. The 
1000 mb lieight ficJ.d was augmented by conversion of marine suri'ace 
px'essure rcpoi'ts to 1000 mb lieiglits by using 1 mb = 8.7 meters. 
Pressure heights at the center during the period 0000 GMT 10 August 
to )2il!i : ii'ti I'!- Auuusr ui-u rnuJcuiLud L.. T'Y.'le '• 



TABITE 1 

Pressure heights used in the 
composite analysis of POLLY. 



Ijevel(mlx) Heigh t(m) 



1000 

700 

500 

200 



-2 'HI 
2841 
5750 
12435 



Central pi^essures at the lov\?er two levels were typieaJ values 
based on many reconnaissance eye reports . During the. period the 
lowest surface pressure I'eport was 968 mb at 0300 GMT 14 August 
with a corresponding 700 mix lieight of 2832 meters. The centraJ 
value at 500 mb was based upon the only eye penetration available 
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at that level. Foi' the 200 mb level there \vere no i-eeonnaissanee 
reports available. Consequen tJ y the central value was based upon 
thickness and vertiea] eons.istency considerations. 

At 200 mb it was very dilfieult to analyze the heights and to 
fit tliem wi til the temperature and wind fields. for eonsisteney 
witli tlie better defined streamlines u considerable number of 
heights appeared to bo in error by as much as +70 meters. 

B. TEMPERATURE 

Temperature fields for POLLY were eons true ted using i^adiosonde 
and rawinsonde ehecked data, surface sliip and airer’aft flight 
reports. The 1000 mb field was construe ted by the extrapolation 
of tlie temperatures from sliip and low level flight reports. 
Temperature reports at 700 mlj were augmented by the oxtraiiol ation 
of Riavii i^pnnrts near me '.'nu mo xe\,'cx. A sLamlai''* > 
rate from Riehl (19SM) was used for extrapolation. Analyses near 
the tyiihoon eenter at 1000 mb and 700 mb were primarily based on 
aircraft reports. At the SOO mb level the only eye penetration 
report available indicated an increase from -l.OC outside the eye 
to +1.0C inside. No 200 mb flight rexiorts wore available 

Figs. S-8 depict the temperature fields for the 1000, 700, 

SOO, and 200 mb levels. Analysis at luOO mb indicated a slight 
cooling trend towards the eenter from 27C v^ithin about 60 n ml of 
the eenter to less than 26C over tlie eye. This cooling is con- 
sistent with the classical model of a lyplioon. llov.’ever, the low- 
level eye penetrations listed in Table 2 indicate an increase in 
temperature in tlie immediate region of the eye. After reduction 
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Fig. 5. The 1000 mb height and temperature fields for tropical storm POLLY. Arrow indicates the 
direction of movement. 
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The 700 mb heigl\t and temperature fields for tropical storm POLLY. Arrow indicates the 
clirGction of moveniGiit. 
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Fig. 8. Tli.e 200 mb height and temperature fie3.es for tropical storm FOLLY. Arrow indicates the 
direction of movement. 



of these temjjera tures to OSO mb the average inaxImLim eye temi:)er- 
ature was 26. 6C with an average inerease of I . SC . Aecording to 
La Soul" (1966) a 2C inerease ean be expected at 9S0 mb in a 
mature hurrieane . 



TABLE 2 



Low-level eye penetration temperature 
reports for tropical storm POIjLY, 
August 10 -IS, 1968. 



Da te/Tlme 
(GMT) 


Max T 
in eye 

C°c) _ 


Fl.i ght 
]<evel 
(mb) 


Temp . out 
side eve 
(°C) 


riiglit 
Le ve 1 

(mb)^ _ 


Temi) . 
Inerease 

.m. __ 


10/0915 


25.8 


947 


23.3 


950 


2.5 


12/0955 


27.9 


956 


26.3 


960 


1.6 


13/1050 


28.0 


963 


26.0 


956 


2.0 


14/0925 


24.5 


968 


24.0 


969 


0.5 


1:./ u9uU 


25.0 


M I 1 1 


2 -r . G 


95G 




At 700 


mb on the 


eomposi te 


ana.lysis (fig. 6) the maximum 


temperature 


within the eye is about 16. SC. 


Tlie highest 


700 mb 


eye temperature indieated by RECCO reports 


(Table 3) was IS. SC. 


The entii’e 


700 mb field was 2 to 9C warmer 


Ilian the mean tropical 


atmosphei'e . 


Witliin 90 n mi of 


the eenter 


file deviation 


was even 



greatei". Eye penetration reports foi" 7 00 mb (Table 3) indieated 
a definite temperature inei^ease near tl;e eye. The Jargest temper 
ature inerease occurred during tlie 0300 GMT .14 AugusL penetration 
Hoveever, at this time the eye wall was deser.ibed in the RECCO 
report as being elosed V'^ith inodei’ale feeder braids in all quadrant 
Average maximum temperature was 1S.7C vs^itli an ax^erage increase oJ. 
M.2C, including the 14/0300 GMT report. La Scurfs (1966) model 
indieated an inerease of S to 6C at 700 mb. It sliould be noted 
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that about lialf of Lho reports in Table 3 indicate an outside eye 
temperature lower tlian tliose apj)caring some distanee from the 
center in Fig. G. Thus, upon approaching tlie center of tlie sLonn 
one would expect the temperature to decrease sliglilly and then 
rise rapidly near the eye. Compositing tlie data tends to obscure 
this particular feature. 



TABLE 3 



Eye penetration temperature reports at 700 
mb, unless indicated, ior tropical storm 
POLLY, August 10-15, 1008. 



Date /Time 
(GMT) 


Max Temp 
in oye 
(OC) 


Temp out 
side eye 
(OC) 


Temp 

IncroasG 

(OC) 


10/02*10 


14.5 


9.5 


5.0 


11/0300 


14.0 


11.0 


3.0 


11/1558 


16.6 


9.1 


7.5 


11/2115 


17 . 0 


14.0 


3.0 


12/0300 


l*k0 


10 . 0 


4.0 


13/0000 


16 . 5 


13.0 


3.5 


13/0225 


16.5 


13.0 


3.5 


13/1430 


15.6 


13.8 


1.8 




(at 695mb) 


(at 695mb) 




13/2100 


1*1.5 


11.0 


3.5 


14/0300 


18 . 5 


10.5 


8.0 


14/2120 


17.0 


12.0 


5.0 


15/0250 


1*1.0 


12.0 


2.0 


A 2C warining 


near the eye at 500 


mb contrasts v.'itli 




La Seur's (1966) 


typhoon model v\’)iich 


had a 7-8C warming 


at 


tills level. On the basis of available 


data, the amount 


of wat'ming 
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witli-in the eye at 500 mb was considerably less tiian mlglit be 
expected. However, the entire 500 mb field was], to GC v\?arrncr 
tlian the mean tropical atmospliere. 

Rawinsonde data at 200 mb indicated a temperature increase 
from “49C to about -M5C witli elliptical rather tlian circular 
isotherms. Furthermore, the analysis indicated considerable \^nvn\ 
advcction from tlie region near tlie center. In a fully developed 
typhoon approximately IOC warming can be expected at this level 
according to La Seur (1966). As in the case of the lower IcveJs. 
the 200 mb temperature field was warmer than the mean tropieaJ. 
atmosphere by 2C to 5C av\?ay from the center 

Fig, 9 depicts the 1000-700 mb, 1000-500 mb, 70U-5U0 mb emd 
500-200 nib tliieknesses on a cross sectioji along tlie direction o.f 
motion of POLLY. An increase of about 160 m v\?itiiin a 60 n mi 
radius of the center was observed in tlic 1000-500 and 700-500 mb 
tliickncss patterns. Tlie striking feature was the 500-200 mb 
tliickness plot v\?hicli shovv^cd very little warming in tliat layer. 
Over a distance of 3.20 n mi on citlier side of the center the 
tli.ickness pattern increased by only 30 m. Lack of variation in 
tliis layer suggested a near barotropic atmosphere wliere tlie 
gcostrophic vertical sheai’ is zero. Howevei", examination of 
Fig. 16 sho'ws that the actual 500-200 mb v^;ind shear was 3arge. 

In a later section the actuai v\’ind shears are compared v\?ith tliose 
calculated from these thicknesses or mean temperatures. 

The general warming in the lower troposphere indicated by the 
larger eye temperature increases and cori’csponding tliickncss 
patterns (Fig. 9) may have been the result of subsidence. Witli 
tlie absence of deep convective clouds, it would ajipear that 
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FitT. 9. The 1000-700 mb, 1000-500 mb, 700-500 mb and 500-200 mb 
tliickness pi’ofile along a cross section in the direction 
of movement of tropical storm POLLY, August 10-1 f, J968. 
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reXense of Xcilent h 0 Qt was not nn important i actor as is tlie case 
for noi’iiial typhoons . 



Tlie shaliovs’ typhoon appears to have the temperature structure 
of a mature typhoon only at tlie lower levels. A very larp;e 
warming associated v>;i th upjjer level heating in mature typlioons is 
absent. In this sense sliallow typlioons seem to be marginal 
tropical eirculations in wliich a warm core is developed at low 
levels but the absence of deep eonvection pi-events full 
development . 

Cause of this low level warm core development \\/as not im’es- 
tigated. however, possible mechanisms are suggesLt'd. Radiational 
differonc'cs over long periods due to over-cast cirrus witli 
respcc't to the surface center could result in low level heating. 
Tranping of long wave radiation, by a thick cirrus layer would 
produce relative warming in tlie colunm, althougli tlie magnituae oi 
this effect is not known. Kichl (1.063) pointed out that developing 
storms respond to influences from liigher latitudes. Intensification 
could occur when a trough in the mid-latitude westerlies passes 
the longitude of a potential typlioon. S.imilarly, a developing 
tropical depression in the region of the cold TUTT may experience 
a direct circulation with ascent and therefore wanning and 
intensification near the storm center with descent in the cold low. 

The absence of deep convection in the case of POLLY may have 
been due to the extension over tlic Paoif.ic of tlie warm Himalayan 
and Asiatic ridge. Eciuiva.lent potential temperature (&e) profiles 
for stations in the vicinity of tlie center of POLLY (fig. 10) were 
computed and are depicted by Pig- 11. Surface temperatures of 
26C-27C may not have been warm enough to form deep eonvection as 
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Fig. 10. The location of stations relative to :he center of tropical storm POLLY for which 
jn'ofiles of equivalent potential temp(?:'atures were computed and are displayed in 
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Fig. 11. The equivalent potential temperature proliles for selected 
soundings in the proximity of tropical storm fDLLY. 
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a result of the u’arir, air mass aloft. The profiJes (Fig. 11) tend 
to substantiate tliis . Tt should be pointed out that the only 
inversion was observed at Station '17900 bet\i/ecn 8'l^7 and SOS mb 
with temperatures of 10. 2C and 18. 2C respectively. 

C. NEPIIANALYSIS 

A striking feature of the eloud formations associated wi Lii 
I’OLLY was tlie lack of convective activity. The cJ.ouds, even tliose 
close to the center of the system, tended to be layered. The J.ow 
cJouds, cumulus and s tratocumulus , were generally 2000-3000 feel 
in tliickness. Some aircraft reports indicated a thickness (’ll 
only 500 feet. Tlic middle clouds, mostly altocumulus and 
altostratus, were .remarkably wc.ll regimented into layers oi' about 
2000 feet tliickness with a few of 1000 feet and 3000 feet. Tlic 

c;' rri t.Tr;ri owv.o.s vjcrc r^oorteu lu ce ej-teci' srir.r. l. i" i 

or very thin. 

The absence of cumulonimbus type crlouds was conspicuous. One 
report at about 100 n mi south of tl)c centci' indicated Cb vv'lth 
base at 1500 feet, top at 30,000 feet. All other Cb reports were 
beyond tlie 300 n ml radius, almost directly ahead of the direction 
of movement and were associated with islands. 

The amount of cloudiness increased rapidly as one approached 
the center of POLTAh Aircraft reports of eye penetrations often 
indicated that the center was filled witli clouds, generally 
stratocumulus . Table 4 lists tlic repoi'is that indicated c.louds in 
or over the center. Eye penetration reports substantiated tlic 
lack of convective activity associated with POLLY. Only one 
report, that of 143U GMT 13 August indicated tlmnderstoi'm acti\it> 
within 50 n mi of the centei'’. The loci of convecLLvc activity was 
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TABLE 4 



Penetrntlon timos and types of elouds fuund 
vv j thin the eye/center of POLLY. 



DTG 

(GMT) 


Type of 
Pcnetrati on 


Cloud Type (s') 


Amount 


1 Tops 
! (PT) 


! Eye Wall 


10/0915 


Lov^; Level 


S t ra too umulus 


1 0/10 


1 

NA* 


No 


10/2120 


500 mb 


S tratocumulus 


10/10 


NA 


Poorly defined 


11/0300 


700 mb 


S Lra tooumu.Ius 


10/10 


NA 


Closed 


11/1558 


700 mb 


Stra tooiimulus 


10/10 


NA 


Open** 






Altocumulus 


6/10 


NA 




11/2115 


700 mb 


S t ra toe umulus 


NA 


6000 


Open 


12/0300 


700 mb 


Broken Strato- 












cumuJ US 


‘NA 


,NA 


. CJ osed 


12/0955 


Low Level 


S Li'atocumulus 


10/10 


5000 


Open 


12/1415 


Low IjOvoI 


Pone tr^l L.i on Aborted for 


SAR 


Open 


13/0000 


700 mb 


Altos teat us 


J 0/10 


'na 


Open 






Stra toeumulus 


NA 


NA 




13/0225 


7 00 mb 


Eve flllljig 


NA 


NA 


Closed 






v\’ith Cu & So 












Altostratus 


10/10 


NA 




13/1050 


l/ow Level 


Stra Lucumulus 


10/10 


i 4000 


Open 


13/1430 


700 mb 


Thundox^s torm Aotivity within 1 








50 miles of thojoentor | 


1 1 


Open 


1-4/u'j2d ! 


; Low nevel i 


' vj i>x cJ • lin’d f. ».iO j 


• i- » / 9 4 \ 1 

1 1 It* ] 


; . * ' M J < < 


t / •- } V 1 • 


14/1500 


700 mb i 3 LTatucumulus 


10/10 


sooo : 


, Closed 


15/0250 


700 mb 


1 Stra toeumulus 


10/10 


8000 j 


Open 






A.ltosti'a tus 


10/10 


NA 




15/0900 


Low Level 


Stra too umulus 


10/10 


3000 












near 












cen- 












ter 












7000 

1 












near j 












edge 1 
1 


Open 



* NA - Not Available 

** Open means that the eye is formed by elouds representative 
of cireulation but clouds are not present in all quadrants. 
It may also imply tliat tlie eenter of the stoi'm is defined 
by feeder bands spiraling tovv’ards the center. 






in nceordnnec w i Lii the observations oJ. I'ett (19b8) about sh;.,M.ow 
typhoons, Fett suggested that subsidenee over the eye aeeounled 
for the absenee of e.louds as v.'eli as possibJy j)roviding tlie me- 
chanies for heating tlie core of a shallow typhoon. However, on 
tlie basis of elouds, POLLY is somewhat different. 'Die strikiiig 
differenee is that POLLY did have eJ.oudiness in and over the eye. 
Tlie s Lratoeiimulus tops tended to be around 4000-5000 feet. Thus 
in the ease of POLLY there did not seem to be strong subsidenee 
within tlie eye . 

Analysis of prepared eharts of the low, middle, and liigli 
elouds led to some general observations. Tlie amount of cloud cover 
within a 300 n mi radius area tended to be greater in the right 
quadrants than in the left. Furthei'more , it was noted that 
within 120 n mi of the center the tops of cumulus clouds tended 
to be higher in the x’ear quadriints and the bases generally lower 
in the left rear quadrant. 

On the basis of middle eloud analysis it eould bo seen that 
the elouds were layei'ed with thicknesses from 1000 to 2000 feet. 

The bases of altoeumulus and altostratus were all above 8000 feet 
with the average at about 12,000 to 14,000 feet with a few reports 
as high os 19,000 feet. The amount of middle eloud cover inereased 
rapidly towards the center of POLLY, esiieeially within the 120 n mi 
radius. The eirriform eloud cover inereased rojiidly to overcast 
conditions within 100 n ml of the center. Where cloud layer 
tliieknesses were reported, the thickness was either zero 
(i.e. very thin eirrus) oi’ 5000 feet with the bases u.sually at 
35,000 feet. 
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A more del'naMed deseripLion of Llio cloud anaJysis is found in 
Appendix A . 

D. MAXIMUM WINDS DETERMINED FROM SATELLITE PlIOTOGRAUIIS 

Table S is a tabulation of the maximum winds expected from 

neplianalyses of satellite photographs versus tlie actually r'ci^urled 
maximum winds by reconnaissance aircraft. The significant factor 
in the case of POLLY was that in every case the sate.Llitc photo- 
grapli interpretation considerably undcrcstimalcd tlie maximum 
obsei'ved winds. In the latei' stages of the period tlie rcpoi'ted 
maximum surfaee winds were consistently 65 knots or liigher. 
However, the Annual Typlinon Report (1068) reported POLLY as liavLng 
maximum sustained surface winds of 55 knots, and lienee the system 
was classified ns a tropical storm. 

E. STREAMI.INES AND ISOTACjIS 

The composite analysis of relative streamlines and isoLachs 
for the 1000, 700, 500 and 200 mb .level are de[)icled in Figs. 12, 
13, 10 and 15 respectively. During the analysis an effort was 
made to avoid forcing the streamlines to agree wi tli the elassiea.l 
model. However, the available data suggested that POLLY liad 
inflow at tlie 1000, 700 and 500 mli lcve.ls. At 200 mb there v;as 
definite cyelonie outf.low from the center of POLLY, becoming 
antieyclonie about 90 n mi av\’ay fx’om the center. This type of 
circulation was compatible with more mature typlioons (Rielil, J954) 
For' a sliallow typhoon, however, this outflow was ratlier unexpeeted 
As mentioned prcvious.Ly. Fett (1968) desei'jbcd typlioon B] Lid E with 
straight northeasterly flow at 200 mil. 
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TABLE 5 



Maximum winds in knots obtained by satellite 
pliotograpliy interpretation and from aireraft 
eye penetration x^eports for* tx’opieal sLorm 





POIjLYj August 10-15, 


1908 










SateJlite Photo Interp. 












Date/Time 


Class Wind 


Date/Time 


Low 


l^eve 1 


700 


mb 


(GMT) 


(knot) 


(GMT) 


Wind 


(knot) 


Wind 


(knot) 








FL* 


SFC 


FL 


SFC 


10/053i? 


Stage C 40 


10/0240 






08 


55 






10/0915 


NA** 


90 










11/0300 






68 


50 






11/2115 






50 


50 


12/0233 


Stage C 40 


.12/0300 

12/0955 


NA 


50 

1 . r 


65 


60 


13/0438 


Category 1 35 


J,C./ .L J _L -X 

13/0000 


* \ t-y 




45 


50 






13/0225 






45 


85 






13/1050 


NA 


50 










13/1430 


NA 


45 










13/2100 






60 


NA 


14/0810 


Only a partial 
photo of POJiLY. 


14/0300 






05 


65 




Appears to be 


l'l/0925 


NA 


70 








Stage C, 40 knot 


14/2120 






75 


65 


15/0917 


Category 1 42 


15/0250 






43 


65 






15/0900 


NA 


75 







* FL = Flight Level 

** NA = Not Available 
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Fig. 12. The 1000 mb relative streamline and .i.sotaeh fields for tropieal storm POLLY. Arrow 
indieates direetion of movement. 
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indicates the direction of movement. 
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14. The 500 mb relative streamline and isotaeh fields for tropieal storm POLLY. Arrov\/ 
indieates the direction of movement. 
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Tlie 200 nib relative streamline and iro :ach fields for tropical storm POLLY. Arrow 
indicates tlie direction of movement. 



The wind speed decrease with height was as generally expected 
in a typhoon, as shovm by Pike (1962) , Gray (1968) and Rielil (1954) . 
To check the const stcncy of the wind field and temperature 
analysis, tlie actual wind shears and the geostrophic and gradient 
wind shears based on the temperature analysis were computed. 

Actual tengential wind shears are presented in Fig. 16. These 
shears were averaged at 30 n mi intervals aJ.ong cross sections 
paralJel and normal to the movement of TROLLY. Gray (1968) indi- 
cated tliat for tropical storm development and intensifien Lion the 
verticaJ. wind shear between 850 mb and 200 mb sh.ould be ±10 knots 
or less. Large vertical wind shears prohibit the concentration of 
latent lieat resulting from convective activity. As ean he seen 
in Fig. .16, tlie shears belov; 500 mb were of tlie order of 10 knots 
beyond 90 n mi from the center. Sliears in the upper regions, 
however, were of the order of 40 knots. I L is suggested that 
these large sliears at upper levels are a contributing cause of tlie 
lack of heating found aloft and the lack of conveetive activity. 

Fig. 17 and 18 represent tlie comparison between actual, 
geostrophic and gradient vertical v^7lnd shears averaged at 30 n mi 
intervals for the 700 mb and 500 mb level respectively. 

Differences beticeen the gi'adient and actual shears at 700 mb 
(Fig. 17) implied the temperature gradient was reasonable near the 
center but was exaggerated furtlier out. The temperature gradient 
at 500 mb was too large within 120 n mi, based upon the comparison 
bet\';cen gradient and actual shears (Fig. 18) . The large difference 
between geostrophic and gradient wind shears displayed in 
Figs. 17 and 18 suggests the importance of the curvature term 
near tlie center of the shallow ty[)hoon. 
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stoimi TOLLY, August 10-14. 
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Fig. 17. Comparison of the absolute values of -1 angen tial 
actual, geostrophic and gradient vertical wind 
shears averaged at 30 n mi intervals along cross 
sections parallel and normal to the movement ol' 
tropical storm POLLY at 700 mb in units of 
knots /I 00 mb . 
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F. R]:LATIVE V0RT1C3TY AND DIX/EHL’ENCE 



The relative vortieities at 1000, 700, 500 and 200 mb levels 
are depie Led in Fig. 19. Values vvere eomputod From tlie sLreamline 
and isotaeh analyses and then averaged at 30 n mi intervals From 
the center. The lower-levei vorticity fields v\/erc of tlic order 
expected in a typlioon . Only a sligliL decrease of vorticity occur- 
red between 1000 and 700 mb. Because the 200 m]j .level liad 
cyc-lonic outflow, the I’elative vort.ieity field was positive to 
a radius of about 80 n mi emd then became negative as the stream- 
lines Ijecame anticyelonic . 

Tlie divergence profile at the font' analysis levels shown by 
Fig. 20 was averaged similarly to tlie vorticity diagrams. 

Divergence fields for FOLLY were similar to the typhoon 
model (Riehl, 1939) wJ tli significant convergence within 00 n mi 
of the center at low jcvcl.s, aiid strong divergonec neai’ tlie 
center at upper levels. Fig. 21 represents tlie sum of tlie 
divergences for caeli level and the avei'age velocity normal to the 
boundary of a 300 n mi by 330 n mi area centered around tropical 
storm POLLY. It can be seen that the level of non-divergence was 
slightly above 500 mb with convergence belovv/ and divergence above . 

The divergence at 200 mb tippears to be excessive. 

If the 200 mb analysis u’as in fact representative of the upper 
level structure of I’OLLY, tlierc are some conflicting features 
associated with the storm. On the basis of wind shear computations 
much concentration of heat can not be expected aloft. The great 
amount of divergence aloft implies deep conveetion and rc-leasc of 
latent heat. Hois’cvei’, the nephanalysis sfiowed that one of the pri- 
mary characteristics of POLLY was a lack of deep convective activity. 



I 





Fig. 19. The 1 000. 700, 500 and 200 mb relative vorticity 

in units ol lO'^sec'^ averaged at .^0 n mi intctviii 
along cross sections parallel and normal to the 
direction ol movement of:' tropical storm POLLY, 
August 10-19. 
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Fig. 21. Sum of divei'gence and the average velocity normal to 
the boundary of a 300 n mi by 330 n mi area centered 
ciround tropical storm POLLY. 
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Fett (19G8) RuggosLed that in Iryjdioon BILLIC Ldie warming of 
tliG eye resulted from subsidenee of mid-tropospheric air into the 
region of tlie eye. From eontinuity considerations tliere v/ould 
have to be compensating Uw-level divergenee. Since there was 
cyelonic inflovs' and convergenee associated with BILLIE near the 
surface, assumption of subsidenee from aloft would require a 
region of strong divergence at an intermediate layer. Based upon 
tlie available data and the analysis, tliis type oC convergence/ 
divergence pattern did not exist with POLLY. 
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V. TYPHOON BILLIE 



Altliougli most of Liie effort in tJiis researcli was on POLLY due 
to better data eoverage.^ eonsiderable time was spent on analysis 
of BILLIE. One of tlie objeetives was to use IvECCO reports to make 
a eomparison between POTjLY and BILLIE^ since the latter sLorm was 
well doeumented by Fett (1968). 

Basieally, the two systems were similar in nature. Tlie 
largest amount of warming oeeurred in t\ie lower tropospJiere in 
typhoon BILLIE as was the case with POLLY. Satellite plio tograpliy 
analysis (Fett, 1968) underestimated the actually obsei'ved maximum 
winds. Tills was also the case in POIXY. Based on nephanalysis . 
BILLIE was characterized by lack of convective activity and tlie 
clouds were stratified similarly to POLLY. An examination of 
Table 4 and Table 8 indicates that the eye structure of tlie t\^o 
systems was basically the same, namely open eye wall wltli feeder 
bands spiraling towards the center. Clouds within the eye were 
generally topped off betw’een 9U00 to SUOC feet. 

The two significant differences between POLLY and ILILLIE were 
the high clouds above the eye and the upper level flow. Nephana lysis 
and verbal description in the RECCO reports of POLLY indicated defi- 
nite overcast high cloudiness above the eye while BILLIE lacked 
high clouds. Overcast cirriform cover was found in Die left quad- 
rants of BILLIE, away from the center. Upper level fJ.ow at 200 mb 
associated with POLLY was cycJonic outflow becoming anticyclon « c . 

Fett (1968) indicated that straiglit nortJieas tcr'ly flow was found 
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aloft with BILLIE. Tho aiialysl.s of availabJo data substantiated 
this flow. lIo\v;ever, the nbsejiee of iiLiper air data in the 
immediate i^egion of BILLIE would have also permitted a region 
of cyclonic outflow to be drawn. 

Anothei’ diffci'ence bct\\’ecn POLLY and BILLIE was that POLLY 
deviated considei^ably from the mean track and intensified at a 
latitude higher than normal. 

A. EYE TEMPllRATURES 

Table G lists tlie .low level eye penetration tempera tuie 
reports foi' tyijhoon BILLIE obtained from RECCO reports for tlie 
period July 3-7. All reports, except the U200 GMT 4 July I’eport, 
indicated definite warming as the aircraft approached tlie center. 
The reports indicated an average incrceisc of 1.7C inside the 

M . -H.. iu(!re;;se tor t'JuLi) . lablt 7 > i t .b Llie 
penetration reports. These penetrations wej'e nc£ir the 700 mb level 
and observ^ed an average increase in temperature oF 4. 1C within 
the eye. POLLY had an increase of 4.2C. 

At 500 mb and 200 mb thei'e were no RECCO reports available. 

The 200 mb temperature analysis did not show a definite temper- 
ature eye. On the basis of the rawinsonde r-eports available the 
temperature field increased in tcmpei^ature about 4C over a radius 
of about 240 n mi from the surface vortex. As with POLLY, the 
warming of the system appeared to be confined to the lower 
troposphere. 
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TAHLF. () 



Low-level eye t)enetrr! tion temperature reports 
for typlioon BILLIE, July 3-6, 1967. 



Da te/Time 
(GMT) 


Max T 
in eye 
(UC) 


IM ight 
Level 
(mb) 


Temp, out- 
side eye 
(OC) 


Fliglit 

Level 

(ml)) 


Temp . 

J nerease 


03/09'iO 


25.0 


NA* 


23.1 


NA 


3.9 


03/3 530 


29.9 


968 


23.9 


970 


1.0 


03/23.2 4 


29.5 


1960 ft 


29.0 


1730 ft 


0.5 


011/0200 


24.5 


1890 ft 


25.0 


1750 ft 


-0.5 


04/1030 


25.6 


951 


29.6 


955 


1.0 


05/1600 


26.3 


999 


23 .3. 


952 


3.0 


05/2140 


26.7 


959 


24.0 


951 


2.7 


06/1836 


30.5 


991 


26.8 


950 


3.7 


* NA = Not 


Avai.lable 












TABLE 7 






Upper-3 evel 
for typlioon 


eye penetration tomperatuie report 
BILLIE, July 9-6, 1967. 


s 


Date/Time 

(GMT) 


Max T 
in eye 
( C) 


Fliglit 

Level 

X'l*). 


Temp, out- 
side eye 

(^’C) ' 


Flight 
Lc ve 1 
(mb) 


Temp . 
Increase 
(°C) 


09/1625 


9.9 


680 


6.0 


680 


,3.4 


04/2120 


17.2 


726 


14.1 


726 


3.1 


05/0330 


IS .5 


3220 m 


13.5 


3220 m 


5.0 


05/0931 


18.0 


700 


11.0 


700 


7.0 


06/0354 


17 . 5 


700 


13 .5 


700 


6.0 


06/0720 


17.5 


700 


14.5 


700 


3.0 


06/0996 


19.0 


700 


15.5 


700 


1.5 



Tlie remainder of eye peneLration reports for July 6-7 
give tlie maximum Inside temperatures at about 950 mb 
and the outside eye temperatures at about 700 ml). 
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B. NEPIIANALYSIS 



The SLunmeiry of the clouds for typiioon BILLIE is based upon 
station and aireraft reports betv\’een 0000 GMT 3 July and 
1200 GMT 7 July 1967 . As in the ease of POLLY, the e.loud patterns 
associated v^itli typhoon BILLIE indicated a definite lack of 
convective activity. There was only one report of cumulonimbus 
activity witliin 300 n mi of the center. Low clouds v\?ere generalJ.y 
2000 to 3000 feet in thickness. There v^?ere a few reports which 
indicated thicknesses gr'eater than 3000 feet, a case not as 
frequent witli POLLY. On tlie average the tops of cumulus and 
stratocumulus tended to be higher v^/ith increasing distance from 
the center while the bases remained at about the same altitude. 

Tlie middle clouds were well regimented in layeivs 1000 to 2000 
feet thick. The bases and tops of the altocumulus and altostratus 
were somewhat lower withixi 120 n mi of the center. Altostratus 
was predominant in the left quadrants, especially in the left reai’ 
bet\^?ecn 90 to 240 n mi. The right front quadrant was conspicuous 
with tlie absence of middle cloud reports even tliough low and high 
clouds wei'e indicated. Tliis feature v^7as not found in POLLY. The 
rear quadi’ants generally liad more middle level cloud cover. 

Bases i^aiiged fi'om about 6000 feet to 15,000 feet with a very lew 
indicating 20,000 feet. All middle clouds associated with POLLY 
had bases above 8000 feet. 

The cirriform clouds were either very thin or at most 5000 
feet in tliiekness thi'oughout the field. Tiiere were no reports of 
overcast cirrus or cirrostratus in the right quadrants or over the 
eye of BILLIE. Fett (1968) suggested that the lack of higli cloud 
cover over the eye of BILLIE was the I’esult of tlie northeasterly 



54 



flow above the sysLem. 'J'he left: quadrants luid reports of overonsL 
cirr.irorm clouds. One report only 30 n mi from the centei’ in the 
left front quadrant Indicated overcast cirrus. A more detailed 
description of tlie clouds associated with typhoon BILLIE is found 
in Appendix B. 

Table 8 lists those eye penetration reports wliicli remarked 
about tlie presenee or the .l.aek of elouds witliin or ovei" the eye of 
BILLIE. Tlie type, amount and tops of the elouds wore entered when 
available . 
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TABLE 8 



Penetration times and types of elouds found within or 
over the eye/center of typlioon BILLIE, July M-7, 1967. 



DTG 

(GMT) 


Type of 
Penetra Lion 


Cloud Type(s) 


Amount 


Tops 

CfL) 


Eye h'a. 


04/1700 


700 mb 


Altos tr a tus 


J.O/J.O 


13000 


None 


04/2120 


700 mb 


No Clouds 






Open* 


05/1600 


Low Level 


NA** 






Open 


05/2140 


Low Level 


No Clouds 


— 




Open 


06/0354 


700 mb 


Stratocumuius 


NA 


NA 


Open 


06/0720 


700 mb 


S tratoc umul us 


NA 


5000 


Open 


06/0946 


700 mb 


Cumulus 


NA 


NA 


Open 


07/0430 


700 mb 


Type nut Indi- 
cated. 


NA 


5000 


Open 


07/0920 


700 mb 


Type not 

! c.i l (ni 


10/10 


ilOOO- 

n r' ^ 

V < w U 


Open 



* Open means that t)ie eye was formed by clouds representative of 
circulation but clouds vv'ei'C not present in all quadrants. It 

may also imply that the center of the typlioon was defined by 
feeder bands spiraling towards the center. 
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VI. TROPICAL STOPJ'l LORNA 



Tropical storm LORNA was not Investigated in detail. 
Naphanalysis based on RECCO and land station reports for the 
period 0000 GMT 25 November to 2400 GMT 28 November 1009 is 

included in Appendix C. LORNA v\’as ciiaracterized by lack of con- 

vective activity similai' to typlioon BILLIE and tropical storm 
POLLY, There was only one report of cumulonimbus activity 
180 n mi ahead of LORNA in the right front quadrant. Tills report 
was associated witli thunderstorm activity over land. 

Low level clouds of cumulus and stratocumulus had bases 
generally between 1500 to 2500 feet with tops from 2000 to GOOO 
feet. In comparison with POLLY and BILLIE, ciunuius clouds 
associated with LORNA had greater thicknesses. Within GO n mi the 
layers v\'crc about 2000 feet, but further out the tliickncsses 
increased to 3000-4000 feet. 

Altocumulus and altos tratus were generally 2000 to 3000 feet 
thick with the bases highly variable an^nv^here from GOOO to 18,000 
feet. One report about 12 n mi from the center in the left rear 
quadrant indicated ovex'cast altostratus . All o ther reports of . 

overcast middle type clouds w’ere in right quadrants 55 n mi or 

further away from center. 

Available cloud reports indicated that cirriform cloud cover 
increased with distance away from the center. NimJius III infrared 
photographs of LORNA further substantiated this. Cirrostratus 

clouds v\/ere predominant with LORNA while ciriuis \\?as predominant 
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witli POLLY and BILLIE. Bases of the high clouds, wlien indicated, 
were genei’ally bet\\?een 25,000 feet and 28,000 feet, v\?ith a few 



x^eports at 30,000 
eonsiderably less 



feet. The thicknesses wei'e generally 2000 feet, 
than the 5000 feet foi^ POLLY and BILLIE. 
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VII. 



THE COMPOSITE MODEL 



In tills section a composite model vvhich v\^as developed from the 
analysis of tlic tropical cyclones discussed previously v\/ill be 
presented. Tlie model also includes tl:e results of tlie low level 
analyses of NADINE and OLIVE. Analyses of these ti\/o systems 
substantiated the characteristics found in tlie previous sections. 

On tlie basis of aval J able data, the shallow typhoon is a warm 
core, cycJonically rotating wind system. The system lacks an 
eyewall in the ci.assic sense. Clouds representative of cyclonic 
circulation, or feeder bands spiraling towards the center, 
usually define the eye. A closed eye is not a characteristic.*. 

The eye of the storm, however, is definilely \\\arm core. Most o.F 
the core warming tends to be in the lower troposphere below 
500 mb. Upon reaching typhoon intensity, the winds are most 
intense near the surface, reaching speeds between 70 and 80 knots. 

Nephanalysis of satcJ.lite photographs generally underestimates 
the maximum expected v\/inds. Using the nephanalysis procedure as 
outlined by Project FAMOS (1967), Stage C or C+ is found with 
expected winds of 25 to 30 knots. 

Clouds associated with the shallow typhoon indicate a i ack of 
convective activity. The clouds are regimented into layers v\7ith 
cumulus or s tra tocumulus 2000 to 3000 feet thick, and altocumulus 
or altostratus usually 2000 feet thick. Cirriform clouds are 
found to be cither very tliin or a fev\/ thousand feet in thickness 
with maximum tops at 3 5,000 feet. Within the eye the clouds arc 
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topped off ai'ound MOOO to SOOO feet altliough occasionally tops are 
7000 to 8000 feel. There is often an absence of cJouds wj tliin tlie 
eye or above the eye at high altitudes. 

Witli the available data it was not jjossible to clearly define 
the uppex’ level flo \\7 to be expected witli a sliaJ.low typhoon. 

Fett ( 1968)5 based on available data, indicated strong north- 
easterly flow at the 200 mb level over typhoon BILLIE. Sadler (1967) 
in discussing typhoon KATIfY, which lacked the vertical extent of 
a normal typhoon, depicted straiglit flow above KATIfY. The data at 
200 mb in POLLY’ s case indicated cycJonic outflow over the surface 
vortex and then becoming anticyclonic . 

The vertical wind shears in tlie J^ower tropospliere ai^e low 
enougli to enable wai^ming of the system and allow for intensification 
to typlioon force. However, the shears in tlie upper troposphere 
are of the order of 50 knots or more and may pi event tlie system 
from intensifying iiito a full scale typhoon. 
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VI 1 1 . SUMMM^Y AND CONCLUSIONS 



Ava.Qable data from five tropical cyclones verify the 
existence of shallow type typhoons wliich do not f'i t into the 
framework outlined for the classical model. The model presented 
in the previous section is by no means c’ompJete, and furtlier 
research into the structure and mechanics of formation and main- 
tenance is needed. Ability to recognize this type of a typlioon 
is particularly im[)ortant if airborne rcconnaissanc'c is not avail- 
able. Reliance on satelJ.ite observations alone for prediction of 
these storms eouJd p^^ove disastrous. 

To enable better definition of upper level stj’ucture of tlie 
modo.l. reconnaissance flights at 500 mb and in tlie 250 mb to 200 mb 
region are imperative. Wi tliout tliis data aecurate desci'ij) Lion of 
tlie system v/il] nut be possible. 
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APPENDIX A 



Dis Lance 
f rom 
cen Ler 
(n m i~) 

00-60 



00-60 



00-60 



60-120 



NephanaJ.ysis of tropical storm POLLY 
].0-14 August 1968 



Quadrant 



Remarks 



Rlglit Front 



Cumulus with bases ISOO ' to 2000' with 
tops 5000'. One I’cport at 11/lSOOZ in- 
dicated overcasL Cu 15 n mi from Lhe 
center wi tii base at 1500' tops 3000'. 
StraLocumulus with 9/10 cover, base 
2000' Lops 5000' at 60 n mi ahead of 
center . 

All reports but one indicated altocumulus 
with bases at 8000', 4/10 cover. 

Only one I'eport of Iiigh clouds in the 
60 n mi circle showed 10/10 cirros tral:us 
with base at 30,000'. 






L.llllia-LLii: 






i • (j p .» • 



nr\n i 



tops lOjOOO* maxjLrnum. 

Altostratus Vv'ith overcast indicated by 
three out of four repox'ts . One report 
indicated As with base at 7000', tops 
at 8000’ . 



Left Front 



Cumulus and stra tocumulus witli tops 
4000-5000' . 

Altostratus and altocumulus, overcast, 
with bases 12,000-17,000'. 



Left Rear Cumulus and Sti'atocumulus u’ith tops 

4000-5000' . 

Only one report of altostratus, 10/10 
cover, no bases or tops indicated. 



Right Front 



One aircraft and one station report 
available in the front quadrant's sliowcd 
cumulus type clouds, overcast, V'7ith 
bases down to 1500'. Top& not indicated, 
No report of middle clouds available. 
Only one report indicated cirrus, 3/10 
cover. 
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APPENDIX A (Gont.) 



Dis tanee 
from 

center Quudi'ant 

fn ml) 

60-120 Right Rear 



60-120 Right Rear 



60-120 Left Front 



60-120 Left Rear 



120-240 All 



Remarks 



Cumulus type clouds wltli bases 1200 to 
1500 ’ with tops up to 9000'. Cover from 
7/10 to overcast. Stratoeumulus present 
v\/itli bases 2000-4000', tops genercilly 
5000-6000’ with a maximum of 9000' re- 
ported. One aircraft rc|)ort showed 
niinbostratus . Only t\\/o of fifteen re- 
ports indicated complete eloud cover. 

Altos tratus and altoeurnulus with 1/10 
to 10/10 cover. Altostratus base 12,000 
to 13,000 feet, tops J 4.000 to 15,000 
feet. Altoeimiulus 7000 to 10,000 feet 
base, tops 9000 to 12,0(J0 feet. 

Cirrus and eii'ros tratus 1/10 to over- 
east, bases 30,000 feet, tops at 

35.000 feet. 

For low type elouds see comments in the 
right f ro n t re gi o n . 

/\ 1 ! riULlJitUXU::? W ! *. i • ci L 

tops 19,000 feet, 7/10 to 8/10 cover. 

Only one report in the front quadrants 
indicated cirrus, 3/10 cover. 

CumuJ.us with bases 1300 to 1500 feet, 
tops around 5000 feet witli one report 
up to 10,000 feet. Stratoeumulus with 
bases 2000 to 9000 feet, tops 4000 to 
5000 feet. 

Altocumulus and ciltos tratus from 5/10 
to overcast. Bases from 8000 feet up to 

17.000 feet with tops £it 9000 feet to 

19.000 feet. Tlie eloud tliicknesses 
generally 2000 feet. Wide variation of 
base and eloud top lieights. 

Cirrus and cirrostratus 5/10 to 10/10 
cover, bases at 30,000 feet, tops at 

35.000 feet or else very thin. 

Beyond the 120 n mi radius no rcport ii’- 
dicated overcast higli eloud type cover. 
Cirroform elouds are present witli bases 
around 30,000 to 35,000 feet witli very 
tliin or 5000 foot thickness indieated. 



63 



APPENDIX A (cont.) 



Dis tancG 
f I'om 

Gen ter Quadi^ant Romarks 

(n tn,i) 







120-240 Right Front 


Stratoeuinulus bases generally reported 
at 2000 feet witli tops around SOOO feet. 
Cumulus cloud bases from as low as 1500 
feet to 2000 feet with tops around 5000 
feet but a few reports indicated as high 
as 20,000 feet. 

Altostratus and altoeumulus 5/10 to 9/10 
eover, bases 8000 to 10,000 feet, tojjs 
10,000 to 12,000 feet. 


120-240 Kiglit Rear 


The tops of Gumulus type clouds tended 
to be lower tlian in the front quadrants, 
being generally 3000 to 5000 feet with 
bases 1500 to 2000 feet, S tratoeumulus 
bases 2000 to 3000 feet with tops around 
6000 feet but extending to 9000 feet. 
Altostratus and altocumulus vs^ith bases 
generally 8000 to 10,000 feet, tops 
10,000 to 12,00Ci feet. Cover fr'om 1/10 
to overcast. 


120-240 Left Front 


For Low type clouds see under right 
front description. 

Altoeumulus and altostratus 6/10 to 
overcast, beises 8000 to 12,000 feet 
witli tops 10,000 to 12.000 feet. One 
report indicated overcast altostratus 
with base at 28,000 feet. 


120-240 Left Rear 


Cumulus and stratocumulus similar in 
character as found in the right rear 
quadrant. At the forward edge of tlie 
quadrant at about 160 n mi fi'om the 
center is the only cumulonimbus report 
within a 240 n mi radius. Out to 
240 n mi the right quadranrs tend to 
have more cloud eover tiian the left 
quadrants. This observation may how- 
ever be due to the availability of more 
reports in the right quadrants. Alto- 
Gumulus and altostratus, 4/10 to 8/10 
cover, bases 10,000 to 12,000 feet with 
tops 13,000 to 14,000 feet. Some re- 
ports indicate base at 17,000 feet, 
tops at 19,000. l\v’o reports, south aixl 
southwest of center at about 210 n mi 
have nimbostratus in conjunction with 
altocumulus . 
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APPENDJX A (cont.) 



Distance 

from 








center 
(n mi) 


Quadrant 




Remarks 


240 - 


All 


There 

ahead 


was some cumulonimbus activity 
of the center' of POLLY at a 



distance of over 300 n mi . 

Reports of middle clouds became sparse 
witli only a fev; aircraft reports to in- 
uicate tliiekness of altocumulus and 
altostratus. Thickness, as before, 
generally 1000 to 2000 feet. The general 
trend was for less cJ.oud cover tlic furtlier 
n^^;ny the report was from center. 



65 



I 



APPENDIX B 



Dis L'nneo 
from 
center 
Cn mi.') 

00-60 



00-60 



00-60 



00-60 



Neplianalysis of typhoon BILLIE 
3-7 July .1967 



Quadrant 



Remarks 



R.i.glit Front One report of cumulus. 9/10 cover, base 
1500 feet, top MOOO feet. No report of 
midd.le clouds except for eye penetration 
report of 09/1700Z whicli indicated over- 
east over tlie eye. Tliln cirrus, 1/10 
cover, base at 35,000 feet. 

Riglit Rear Cumulus 3/10 to 8/10 cover, beises 

1000 to 2000 feet, tops 4000 to 5000 
feet. One report indicated Cu top at 
7000 feet. 

Altocujiiulus 9/10 cover, base 7000 feet, 
top 8000 feet. 

f : r’r'ii.".; S/iii !'o .'i/lc Cover. rases and 
tops not .Indicated on reports. 



Left Front Cumulus 7/.10 to overcast, bases 1000 

to 2000 feet, tops 9000 to 10,000 feet. 
One report of overcast Stratocumulus 
60 n mi from center, base J.OOO feet, 
top 5000 feet. 

Altocumulus 1/10 cover, base 12,000 feet 
top 15,000 feet. 

One report 30 n mi from center reported 
cirrus, base or top not given. 

Left Rear Cumulus 5/10 to overcast, bases as low 

as 600 feet but generiilly 1000 to 2000 
feet, tops 3000 to 4000 feet. Only one 
report of stratocumulus, base 2000 feet, 
top 3000 feet. Altostratus, 9/10 cover, 
base 3-2,000 feet, top not indicated. 

One report of tliin cirrus, 5/10 cover, 
base 30,000 feet. 
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APPENDIX 1? (cont.) 



DIs tnncc 
from 
center 
(n mi) 

60-120 



60-120 



GO 12*' 



60-120 



Quadrant Remarks 

Right Front Only one report of seven indicated 

cumulus, 2/10 cover, base not given, 
top at 10000 feet. The rest strnto- 
eumulus 4/10 to overcast, bases 
generally 1000 feet, tops 3000 to 4000 
feet but up to 5000 feet. 

No middle clouds indicated. 

Thin cirrus 1/10 to 5/10 cover at 

30.000 feet. Cirrostratus 8/10 cover, 
base 30,000 feet, top 35000 feel. 

Right Rear Cumulus 5/10 to overcast, bases 2000 
feet, tops 3000 to 4000 feet but one 
report up to 12,000 feet about 70 n mi 
from center. 

One altos tratus report, overcast, base 

12.000 feet, top not indicated. 

Very thin cirrus 1/10 to 5/10 cover, 
base 30,000 feet. 

l “‘t I'T.-.r! t • ;;:r:’.;ius auu s LraLoeujiiL'i , '.'uoLl,, 

overcast, bases generally 2000 feet, 
tops 3000 to 5000 feet. 

One report Indicated cumulonimbus 
activity, base 1500 feet, top not 
given. One repoi’t of altos tratus in tvo 
layers wi tli 6/10 cover. One layer with 
base at 7000 feet, top 8000 feet. 

Second layer base 15,000 feet, no top 
included. Very tliin cirrus, M/10 eovc)’, 
at 30,000 feet. 

Left Rear Cumulus, 3/10 to overcast, bases 600 

to 1500 feet, tops 1500 to 2500 feet. 

One report indicated Cu with top at 
8000 feet. No stratoeumulus type clouds. 
Altocumulus, 8/10 cover, Ijase lOUOO 
feet, tops 11,000 to 12,000 feet. Alto- 
stratus, base 15,000 feet, to]-) 16,000 
feet . 

One report of cirrostratus, overcast, 
base 30,000 feet, top 35.000 feet. 
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APPENDIX B (eont.) 



Distance 
from 
een ter 

(» 

120-240 



120 - 21)0 



120-240 



120-240 



Quadran I: 



Remarks 



Riglit Front Mostly cumulus with 1/10 to 9/10 cover, 
bases generally 1000 to 2000 feet, tops 
4000 feet with t\\7o i^eports indicating 

10.000 feet. Stratoeumulus witli bases 
1000 to 2000 feet, tops 4000 to 5000 
fee t . 

One report of altoeumiMus 6/10 cover, 
base 12,000 J'eet, top 13,000 feet. 
Cirrus, 1/10 to 5/10 cover, base at 

30.000 feet, tops 30,000 or 35,000 feet. 

Right Rear Cumulus and stratoeumulus, 3/10 to 

8/10 cover v\?itli leases genoraily 2000 
feet, tops 4000 to 5000 feet but up to 
8000 in a fe\\7 eases. One report ;indi- 
cated tliin stratus, Ijase 3.200 feet, 
top 2000 feet. 

Altocumulus and some altos tratus, 3/3.0 
to 9/10 cover, bases generally 15,000 
feet, tops 3.6,000 to 17,000 feet. 

2000 feet. Thin cirru.s, 5/10 to 8/lU 
cover, base at 30,000 feet. 

Left Front Mostly eumulus type eJ.ouds, 3/3.0 to 

9/10 cover, bases around 1500 feet, tops 
ivmged fr'om 4000 to 3.0000 feet. Strato- 
eumu3.us, base .1000 feet, tops 4000 feet. 
AltoeLumilus 5/10 to 6/10 cover, thick- 
nesses 3000 I'eet witli bases 11,000 to 

12.000 feet. Altos tratus 5/10 to over- 
east, bases 6000 feet to 9000 feet, 
thickness about 1000 feet. 

Cirrus, 5/10 to overcast, base 30,000 
feet, tops 35,000 feet. 



Left Rear One low cloud report available indicated 

3/10 cimmlus, base 1000 feet, top 2000 
feet . 

A3.tostratus on.ly, overcast, base 1.5,000 
feet, tops not indicated. - 
Cirrus, 8/10 to overcast, bases and tops 
not reported. 
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API’ENDIX B (cont.) 



Distance 
from 
center 
(n mi) 

2'I0 + 



2i|0 + 



Quadrant 



Remai^ks 



Riglit Fr'ont Cumulus, 3/10 to 8/10 cover, bases 
and Rear at 2000 feet, tops ranged from 3500 

to 10,000 feet wJ th average about 
SOOO feet. No stratocumulus indicated. 
Very few reports of middle clouds. 

Those available indieated altocumulus 
with bccscs from 10,000 to 20,000 feet, 
tops 12,000 to 22,000 feet. Thicknesses 
generally about 2000 feet. 

Re])orts of high clouds wore sparse 
beyond 240 n mi in all quadrants. Tliose 
available indicated cirrus, 1/10 to 
4/10 cover, bases and tops not reported. 



Left Front Cumulus 3/10 to 6/10 cover, bases 
and Rear generally 1000 to 2000 feet, tops 

4000 to 5000 foot but up to 8000 feet 
on a few reports. One I'cport about 
360 n mi ahead of center indicated Cb 
activity, no base or top indicated. 

1’ppoi‘i S ni I \/ui.v 

few. Available ones indicated filto- 
stratus and altociunulus, 5/10 to over- 
cast, bases fro 12,000 to 15,000 feet, 
tliicknesses about 2000 feet. 

For eiiriform elouds see above under 
tlie right quadrants. 
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APPENDIX C 



Dis tance 
from 
center 
(n mi) 

00-60 



60-120 



60-120 



120-180 



Ncphanalysis of tropical stonn LORNA 
25-26 November 1969 



Quadrant (s) Remarks 

All Cumulus with 2/10 to 6/10 cover, 

bases 1500 to 2000 feet, tops 3000 
to MOOO feet. One rcj)ort of strato- 
cumulus with base 1000 feet, top 
1300 feet. 

Altostratus and altocumulus wlLli 
ba.ses from 7000 to 17,000 feet, thick- 
ness 2000-3000 feet. One report of 
overcast As 12 n ml from center in left 
rear quadrant. 

Only three reports of eirrostratus , 

5/10 to 9/10 cover, base 28,000 feet, 
tops 30,000 feet. 

Right Cumulus generally 5/j 0 or more cover, 

bases 1500 icet, tops 6000 teot. 
>;rr.arneui!ui.Lus rase 1500 13CC 

feet . 

Altostratus 2/10 to overcast, bases 
7000 to 10,000 feet. 

eirrostratus 3/10 to overcast, bases 
24,000 to 25,000 feel, tops not 
indicated . 

Left Cumulus 2/10 to 6/.10 cover with bases 

1500 feet, tops 6000 feet. 

Stratoeuinulus up to 5/10 cover with 
bases 1500 feet, tops 3000 to 4000 feet. 
.AltoeumuJ us 2/10 to 5/10 covet', bases 
6000 to 7000 feet. 

Cirrostreitus , mostly overcast, bases 
and tops not indicated. 

Right Cumulus and stratoeuinulus 1/10 to 

6/10 cover. Cu bases generally 1500 
feet, tops 4000 to 6000 leet. Sc 
bases liighly variable, tops 3000 to 
6000 feet, vv’ith 1500 to 3000 foot 
thicknesses . 
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APPENDIX C (GontJ 



Distanoe 

from 

GentGr 

(n inJ) 
.1.20-180 



120-180 



180-300 



Quadran t: (s) Remarks 

R.ight AltostraLus 2/10 to overenst, bases 

highly variable from 7000 to 10,000 
feet, thiekness 1000 to 2000 feet. 
A.ltoGLunulus bases 7000 feet, tops 
8000 to 10,000 feet. 

Cirrostratus 2/10 to overcast, bases 

28.000 feet, tops 30,000 feet. Few 
reports of eii'rus, 5/10 cover, base 

35.000 feet, top not Indicated. 

Left Cumulus and stratoeumulus 2/10 to 

6/10 cover, bases 1500 to 2000 feet, 
tops 6000 to 7000 feet. Altocumulus 
and altostratus bases 6000-7000 
feet, tliickness 3000 feet. Over- 
cast eiri'ostratus , tliiekness not 
repor ted . 

All Reports spiirse, expceially in left 

quadrants. Cumulus and sti'a toeumulus 

T.:-i 1 h I.SUO to J'Jcw fee I , 

3000 to 6000 feet. No altos Lrntus 
or altocumulus reports in left 
q\iadrants. Reports in right quadrants 
indie ate As and Ac witJi 1/10 to 
overcast, bases liiglrly variable, 
tliickness .1000 to 2000 feet. 

No high clouds reported in .left 
quadrants. Four reports of cirrus 
and eiri'ostratus, 3/10 to 9/10 cove.r. 
base 28,000 feet or 35,000 feet. Tops 
not reported. 
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